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(57) Abstract 


A modulator circuit for modulating a radio frequency (RF> signal with two signals which are in quadrature with one another includes 
a phase-locked loop (PLL) with a quadrature modulator within its output signal feedback path. The PLL generates an RF carrier signal 
which is phase-locked to a fixed-foequency referenoe signal and is modulated by modulating the VCO output feedback signal fed back to 
the phase detector of the PLL. 
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PHASE/FREQUENCY MODULATOR 


BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The preset invention relates to phase/frequency modulation, and in particular, to phase/fiequency 

modulation of a carrier signal generated within a phase-locked loop (PLL). 

2. Description of the Related Art 
Phase/irequency modulation, one of several tedmiques used for transmitting voice and data, is well 

known in the art, as are a nuniber of phase/frequency modulator circuits and methods. The siniplest 
technique for phase/frequency modulation is direct modulation of a voltage-controlled oscillator (VCO), as 
shown in Figure 1. The modulating signal directiy controls the phase/frequency of the carrier signal 
generated by the VCO, thereby producing a phase/firequency-modulated carrier. While this technique is 
perh^s the siiiq)lest, it does have some drawbacks, perhaps the most important being that the accuracy 
and stability of the carrier finequency are determined solely by the VCO corrq)onents. 

One technique which has been used to ensure the accuracy and stability of the carrier frequency is 
to use a PLL, as shown in Hgure 2. With this technique, the carrio- signal genoated by the VCO is 
phase-locked to a reference oscillator signal (typically stabilized and/or controlled by a crystal). Hius, 
with no modulation signal input, the carrier finequency of the ou^ut signal is accurate and stable. Hie 
modulating signal is summed with the VCO frequency control signal generated by the PLL. However, 
although this technique iirqnoves the accuracy and stability of the carrier frequency, a new problem is 
introduced with respect to the modulating signal xnpyjt. Due to the phase-loddng action of the PLL, 
frequencies within the modulating signal ir^ut which are outside the bandwidth of the loop filter are 
severely attenuated, if not virtually eliminated. 

A modulator circuit which addresses these problems is shown in Rgure 3. A quadrature modulator 
circuit is used to modulate a carrier signal gofieratedby a PLL. A quadrature modulating signal, 
consisting of in-phase I and quadrature Q signals, or cort9)onents, is used to modulate, e.g. quadrature- 
phase-shift-key (QPSK), the carrier signal from the PLL. Since the carrier signal is generated by a PLL, 
its frequency is accurate and stable, and since the modulating signal vapxxi is not affected by the loop filt^ 
of a PLL, its frequency content remains intact However, this circuit has its own drawbacks, including 
difficulty in establishing and maintaining a hi^ ou^ut signal-to-noise ratio (SNR) in the modulated 
carrier signal. 

Figure 4 illustrates a modulator circuit which has been used as an attenq)t to solve the above-noted 
problems. As can be seen, this modulator includes some of the aibove-described modulator design 
elements, such as a PLL and quadrature modulator. The PLL is used, as discussed above, to provide for 
an accurate and stable carrier frequency. The quadrature modulator is used to modulate the reference 
35 signal for the PLL. This avoids attenuation of modulating signal frequencies by the loop filter, since the 
carrier signal generated by the VCO tracks the modulated reference signal. However, this circuit too has 
problems. 

One problem concerns the in-phase I and quadrature Q signals, which are typically filtered digital 
signals representing binary data. As shown in Hgure 5, the phase comparator typically consists of a phase 
40 detector with two dividers, e.g. counters, at its iBputs. These divides divide down the frequencies of the 
modulated ref eroice and feedback signals by reference and feedback divisors R and N, respectively. 
These divisors R and N can each be preselected as virtually any integer. However, if these divisors R and 
N are not selected to be equal to one another, and the output frequency deviation of the modulated carrier 
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signal must equal the 'mpvX frequency deviation of the modulating signal^ then standard I and Q signals 
cannot be used to modulate the reference signal. In other words, if R#N, then otherwise standard I and Q 
signals (whose relative amplitudes and frequencies are intended to determine the phase and frequency 
modulation, respectively, of the caiiier signal) must be modified, e.g. prescaled in amplitude and/or 
5 frequency. Accordingly, the divisors R and N must be equal (I.e. R/N=l). 

However, this requirement that R=N, in turn, introduces further complications. If the center 
frequency of the modulated carrier signal is high, then the frequency of the reference oscillator signal 
must also be high. This can be problematic, since the frequency of the reference oscillator signal is 
typically that of a clock or reference signal used elsewhere in the system and is usually much less than the 

10 center frequency of the modulated cairicr signal. This can be partially solved by frequency down 

converting the output feedback signal within the PLL (as represented with the mixer, PLL and dashed line 
connection shown in Figure 4). However, there are limits to how low the frequency of the feedback 
signal iiq)utted to the phase conqjarator can be. For exan^le, the center frequency of the feedback signal 
must not be so low and/or the feedback divider's divisor N (Figure 5) must not be so high that the 

1 5 performance of the phase detector is adversely affected or that the bandwidth of the modulated carrier 
output from the PLL is unduly limited. 


SUMMARY OF THE IhfVENTIQN 

A signal modulator in accordance with the present invention includes a phase coiiq>arator and 
feedback modulator. The phase coirqiarator receives a reference signal and a feedback signal, con:q>ares 

20 their signal phases and in accordance therewith generates a frequency control signal. The feedbadc 
modulator receives a earner signal which has been generated in accordance with the frequency control 
signal, and also receives at least one modulation signal with which it modidates the carrier signal. The 
feedback modulator provides the modulated carrier signal as the feedback signal to the phase conq>arator. 
In a preferred embodiment of the present invention, the phase comparator and feedback modulator 

25 form part of a PLL. The feedback modulator is a quadrature signal modulator which receives irv-phase I 
and quadrature Q modulating signals. The phase con^arator compares the reference and modulated 
feedbadc signal phases and goierates a frequency control signal which is used to modulate a signal 
generator, such as a VCO. The initial modulation of the signal generator ou^ut is subsequently cancelled 
by feeding it back to the feedback modulator whidi "remodulates" it with the same I and Q modulating 

30 signals. This initial modulation and cancellation by subsequent "remodulation** is repeated with eadi later 
application of new I and Q modulation signals. 

These and other features of the present invention will be understood upon consideration of the 
following detailed description of the imrention and the accoir^anying drawings. 


BRIEF DESCRIPTIOK OF THE DRAWINGS 

35 Figure 1 is a block diagram of a conventional technique used for generating a phase/frequency- 

modulated signal. 

Figure 2 is a block diagram of a conventional PLL circuit used for generating a phase/frequraicy- 
modulated signal. 

Figure 3 is a block diagram of a conventional quadrature modulator circuit. 
40 Figure 4 is a block diagram of a conventional circuit used for generating a phase/frequency- 

modulated signal with a PLL and quadrature modulator. 
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Figure 5 is a block diagram of the phase conq}arator of Hgnre 4. 

Figure 6 is a blodc diagram of a PLL circuit with a modulator in accoidance with a preferred 
embodiment of the present invention. 

Figure 7 is a blodc diagram of the phase con^aiator of Figure 6. 
5 Figure 8 is a schematic diagram of the loop filter of Figure 6. 

Figure 9 is a block diagram of the feedback modulator of Figure 6. 

Figure 10 is a block diagram of an integrated circuit which includes a modulator in accordance with 
a preferred embodiment of the present invention. 

Figure 1 1 is a block diagram of a transceiver system which uses the integrated dicuit of Figure 10. 


10 DETAILED DESCRIFnON OF THE INVENTION 

Referring to Figure 6, a PLL drcnit 100 with a modulator in accoidance with the present invention 
inchides: a refCTence signal source 102; a phase conq)arator 104; a loop filter 106; a VCO 108; a power 
divider 1 10; a feedbadc modulator 1 12; a feedbadc filter 1 14; a mixer 1 16; and a local oscillator signal 
source 1 18; all connected substantially as shown. 

15 The reference signal source 102, e.g. a fixed frequency, crystal-controlled oscillator, provides a 

stable reference signal 120 to the phase comparator 104. The phase coniparator 104 compares the phase 
of the reference signal 120 with the phase of a feedback signal 122 (discussed further below) and outputs 
a phase conq)aiison signal 124, the ang)]itude of ^liiich represents the phase difference between the 
reference 120 and feedback 122 signals. This phase con^>aIison signal 124 is lowpass filtered by the loop 

20 fitter 106. The filtered phase con9>arison signal 126 is used as a frequency control, or tuning, signal for 
the VCO 108. The carrier signal 128 generated by the VCO 108 is divided in amplitude into two similar 
signals 130, 132 by the power divider 1 10. The first signal 130 is ou^utted as the modulated carrier 
signal, and the second signal 132 is used as the feedback signal for the PLL circuit 100. 

The modulated feedbadc signal 132 is frrequency down converted by the nnxer 1 16, using a 

25 frequency conversion signal 134 from the local oscillator signal source 118. The frequency down 
converted, modulated feedback signal 136 is lowpass filtered by the feedback filter 1 14, which has a 
cutoff frequency selected to filter out any unwanted firequency conversion products produced within the 
mixer 1 16, as well as any artifacts of the modulated feedback signal 132 and/or frequency convosion 
signal 134 which may leak through the mixer 116. 

30 The resulting feedbade signal 138 is "remodulated" (discussed in more detail below) in the feedback 

modulator 1 12 by in-phase I (Vj) 140 and quadrature Q (V^) 141 modulation signals as they are 
introduced. The resulting "remodulated" feedbadc signal 122 is then used by the phase conq>aiator 104, 
as discussed above. (Dq)ending vpan the ^plication, a secondary feedback filter 1 15 can be used to 
provide additional filtering as needed.) 

35 The "remodulation" of the fi^ency down converted and filtered feedback signal 138 to produce 

the "remodulated** feedbadc signal 122 can be described as follows. Initially, as modulation is introduced 
onto the input signal 138 by the feedback modulator 112 with the 1 140 and Q 141 modulation signals, the 
VCO 108 provides a modulated output canier signal 128. This modulated signal 128 is opposite in phase 
(-180 degrees) from the I 140 and Q 141 modulation signals and is quickly fed back (due to the relatively 

40 wide PLL loop bandwidth as established primarily by the loop filter 106) to the feedback modulator 1 12 
(via the power divider 1 10, mixer 1 16 and filta- 1 14). Hence, when the initially modulated feedback 
signal 138 is received by the feedback modulator 112, the "remodulation** thereof by the I 140 and Q 141 
modulation signals cancels out such initial modulation. This initial modulation and almost immediate 
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cancellation by "tonodulation" is repeated with each subsequent application of new, i.e. diffcfent, I 140 
and Q 141 modulation signals. 

Another way to consider this modulation technique is as follows. If viewed in the time domain 
(e.g. with an oscilloscope), the initially modulated feedback signal 122 jBnom the feedback modulator 112 
5 differs in firequency and/or phase from the reference signal 120; but this frequency and/or phase difference 
is quickly cancelled as described above. However, if viewed in the frequency domain (e.g. with a 
spectrum analyzer), the feedback signal 122 from the feedback modulator 112 appears to be a virtually 
continuous wave (CW) signal. 

As should be recognized, dq)ending i^on the frequency range of operation and desired system 

10 performance, the frequency down conversion provided by the mixer 1 16 may be considered unnecessary 
or undesirable. Accordingly, the feedback signal 132a from the power divider 110 can be provided 
directly to the feedback filter 1 14. Further, if no fr-equency down conversion is used, the feedback filter 
1 14 may not be necessary. Accordingly, a more direct connection 136a bypassing the filter 114 can be 
used, thereby providing the feedback signal 132a/136a from the power divider 1 10 directly to the 

1 5 feedback modulator 112. 

Referring to Figure 7, a phase comparator 104 for a modulator in accordance with a preferred 
embodiment of the present invention includes reference 142 and feedback 144 signal divideis (i.e. 
counters), a phase detector 146 and a charge pump 147, all connected substantially as shown. The 
reference signal 120 frequency is divided down by a reference divisor R, and the feedback signal 122 

20 frequency is divided down by a feedback divisor N. The phase difference between the divided-down 

reference 148 and divided-down feedback 150 signals is detected by the phase detector 146. A signal 151 
(e.g. voltage or current) representing this phase difference is applied to the charge pump 147, whidi in 
turn, provides an ouQ)ut 124 (e.g. voltage or current) whose amplitude rq>resents this phase difference. 
(A phase detector 146 used in a prefened embodiment of the present invention has a gain of 

25 approximately 4.0 millianq>eres (mA) per lit radians (360 degrees) of phase difference.) 

A phase detector 1 46 and charge pump 147 ^ch can be used in a modulator in accordance with 
the present invention are described in commonly assigned, co-pending U.S. patent application Serial No. 
08/003,928, whidi is entitled "CHARGE PUMP dRCUlT" and was filed on January 13, 1993, the 
disclosure of which is incorporated herein by reference. 

30 Referring to Figure 8, a loop filter 106 for a PLL circuit 100 with a modulator in accordance with a 

preferred embodiment of the present invention is shown in schematic form. The lowpass filter function 
for this loop filter 106 design is based i^on a VCO 108 having an iiq>ut equivalent capacitanceof 
approximately 66 picofarad (pF) and a VCO constant of s^roximately 27.27 megahertz pa- voh 
(MHzAO. 

35 Referring to Figure 9, the feedbadc modulator 1 12 of Figure 6 includes a power divider 152, two 

mixers 154, 156, a quadrature (-90 degree) phase shifrer 158, and a signal adder 162, all connected 
substantially as shown. 

The power divider 152 receives the filtered feedback signal 138 and divides it in an[q)litude into two 
similar signals 164, 166. The first signal 164 is used as the "local oscillator** signal for the in-phase 

40 mixer 154. The second signal 166 is delayed in phase by 90 degrees by the phase shifter 158 prior to 
being used as the "local oscillator" signal for the quadrature mixer 156. The in-phase mixer 154 receives 
the in-phase modulation signal 140 and the quadrature mxer 156 receives the quadrature modulation 
signal 141. The in-i)hase 174 and quadrature 176 modulated outputs from the mixers 154, 156 are then 
summed by the adder 162 to produce the feedback signal 122 for use by the phase comparator 104, as 

45 discussed above (Figure 6). 

Referring to Figure 10, an integrated circuit 1000 has been developed by the Assignee which 
includes the phase comparator 104 elements (Figure 7), feedback mixer 1 16 (Figure 6) and feedback 
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modulator 1 12 discussed above. This integrated circuit 1000 also includes a phase conq>arator circuit for 
a receiver circuit, as well as some additional control circuitry. Two external filter connections 1002, 1004 
are provided for shunt lowpass filter elements, e.g. series RC networks. (The first external filter 
connection 1002 would be for the ^rimaiy] feedback filter 114, while the second connection 1004 would 
5 be for the secondary feedback fiher 1 15.) 

Refening to Figure 1 1, a transceiver system has been developed by the Assignee whidi incoiporates 
the integrated circuit 1000 of Figure 10. 

An inq>lementation of a PLL circuit 100 with a modulator in accordance with the foregoing 
discussion (Hgures 6-10) was constructed for test purposes in which: the reference signal 120 frequency 

10 was 960 MHz (as was the center fr-equency of the feedback signal 122); the reference R and feedback N 
divider divisors were 192 and 20, respectively; the VCO caniar 128 frequency was 910 MHz; the 
fr-equency conversion signal 134 firequency was 810 MHr, the cutofT frequency of the loop filter 106 was 
£q>prDximately 400 KHz; and the cutofT fr^uency of the feedback filter 1 14 was ^proximately 500 MHz. 
As can be seen from the foregoing, a modulator in accordance with the present invention provides 

1 5 several advantages over the prior art: standard in-phase I and quadrature Q modulation signals can be 
used; the wideband noise floor, determined by the performance of the VCO, is typically b^er than that 
available with conventional quadrature modulators alone (i.e. without lossy filtering); the ou^ut canier 
frequency deviation is equal to that of the frequency deviation of the baseband modulating signal; the PLL 
divider's divisors are low, thereby reducing the gain associated with the inband noise floor plus allowing 

20 for fast phase and/or frequency tuning or switdiing by the PLL; no modulation of the referoice signal is 
required; the frequency of the PLL reference signal can be diosen arbitrarily; frequency pulling or 
pushing of the VCO ou^ut (e.g. due to ou^ut load changes, dc power spikes or interference [eg. RFI]) is 
siqipressed, or conq>ensated for, very quickly; and the modulated ojxtpjst signal has a constant anq)litude 
envelope since it comes directly from a VCO rather than directly from a quadrature modulator, thereby 

25 providing a more optimal drive signal for a nonlinear (e.g. class C) power an9>Iifier. 

Various other modifications and alterations in the structure and method of operation of this 
invention will be appar^ to those skOled in the art without departing from the scope and spirit of this 
invention. Although the invention has been described in cormection with specific preferred embodiments, 
it should be understood that the invention as claimed should not be unduly limited to such specific 

30 embodiments. 
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WHAT IS CLAIMED IS: 

1 . A signal modulator coiiq)nsing: 

phase corrqsarator means for receiving a reference signal with an associated rdierence signal 
phase, receiving a feedback signal with an associated feedback signal phase, comparing said 
5 reference and feedback signal phases, and in accordance therewith generating a frequency control 

signal; and 

feedback modulator means, coupled to said phase comparator means, for receiving a carrier 
signal generated in accordance with said frequency control signal, receiving at least one modulation 
signal, modulating said received canier signal with said at least one modulation signal to produce a 
10 modulated carrier signal, and outputting said modulated carrier signal as said feedback signal. 

2. A signal modulator as recited in Claim 1, wherein said phase conq>arator means con^ses 
phase detector means for detecting a phase difference between said reference and feedback signal phases, 
and in accordance therewith ou^utting a phase difTerence signal corresponding to said phase difTerence. 

3. A signal modulator as recited in Claim 1, wherein said feedback modulator means con^)rises 
15 a quadrature signal modulator and said at least one modulation signal comprises a plurality of quadrature 

signals. 

4. A signal modulator as recited in Claim 1, frirther comprising loop filter means, coupled to 
said phase comparator means, for receiving and filtering said frequency control signal. 

5. A signal modulator as recited in Claim 1, further conqsrising feedback filter means, coiq)led 
20 to said feedback modulator means, for receiving and filtering said canier signal prior to said recq)tion and 

modulation thereof by said feedback modulator means. 

6. A signal modulator as recited in Qaim 5, further corrq)ri5ing frequency converter means, 
coupled to said feedback filter means, for receiving and frequency converting said carrier signal prior to 
said recqption and filtering thereof by said feedback filter means. 

25 7. A signal modulator as recited in Claim 6, wherein said frequency conv^er means comprises 

a mixer. 

8. A signal modulator as recited in Claim 1 , further conqjrising frequency converter means, 
coupled to said feedback modulator means, for receiving and frequency converting said carrier signal prior 
to said recq)tion and modulation thereof by said feedback modulator means. 

30 9. A signal modulator as recited in Claim 8, whorein said frequency converter means comprises 

a mixer. 

10. A signal modulator as recited in Claim 8, further comprising signal generator means, coupled 
to said phase comparator means and said feedback modulator means, for receiving said frequency control 
signal and in accordance therewith generating said carrier signal. 


-6 - 


wo 95/16304 


PCr/DS94/08998 


11. A signal modulator as recited in Claim 10, wfaefein said signal generator means comprises a 
vohage-controlled oscillator (VCO) and said frequency control signal conqmses a voltage signal. 

12. A signal modulator as recited in Claim 1, further comprising signal generator means, coiq>led 
to said phase comparator means and said feedback modulator means, for receiving said frequency control 

5 signal and in accordance therewith generating said carrier signal. 

13. A signal modulator as ledted in Claim 12, wherein said signal generator means coii^)rises a 
vohage-controlled oscillator (VCO) and said frequency control signal comprises a voltage signal. 

14. A signal modulator comprising: 
a phase conq)aFator which receives a reference signal with an associated reference signal 

phase, receives a feedback signal with an associated feedbadc signal phase, conq)ares said reference 
and feedback signal phases, and in accordance therewith generates a frequency control signal; and 

a feedbadc modulator, coupled to said phase con:q>arator, which receives a carrier signal 
generated in accordance with said frequency control signal, receives at least one modulation signal, 
modulates said received carrier signal with said at least one modulation signal to produce a 
modulated carrier signal, and ou^uts said modulated carrier signal as said feedback signal. 

15. A signal modulator as recited in Claim 14, wherein said phase cotapsratoT conqnises a phase 
detector which detects a phase difference between said reference and feedback signal phases, and in 
accordance therewith ou^uts a phase difference signal corresponding to said phase difference. 

16. A signal modulator as recited in Claim 14, wherein said feedback modulator comprises a 
20 quadrature signal modulator and said at least one modulation signal con:q>rises a plurality of quadrature 

signals. 

17. A signal modulator as recited in Claim 14, further comprising a loop filler, coupled to said 
phase conq)arator, whidi receives and filters said frequency control signal. 

18. A signal modulator as recited in Claim 14, further conq)rising a feedback fiher, coiq)led to 
25 said feedback modulator, which receives and filters said canier signal pdoT to said reception and 

modulation thereof by said feedbadc modulator. 

19. A signal modulator as recited in Claim 18, furth^ conqirising a frequency converter, coi^led 
to said feedback filter, which receives and frequency converts said carriCT signal prior to said recq>tion 
and filtoing thereof by said feedback filter. 

30 20. A signal modulator as recited in Claim 19, wherein said frequency converter comprises a 

mixer. 

21. A signal modulator as reched in Claim 14, further comprising a frequency converter, coupled 
to said feedback modulator, which receives and firequency converts said carrier signal prior to said 
reception and modulation thereof by said feedback modulator 

35 22. A signal modulator as recited in Claim 21 , wherein said fiequency convertCT comprises a 

mixer. 
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23. A signal modiilator as recited in Claim 21, further comprising a signal genmtoT, coupled to 
said phase coiiq)arator and said feedback modulator, which receives said frequency control signal and in 
accordance therewith generates said carrier signal. 

24. A signal modulator as recited in Claim 23, wherein said signal generator com|>rises a 
5 voltage-controUed oscillator (VCO) and said frequency control signal comprises a voltage signal. 

25. A signal modulator as recited in Claim 14, further comprising a signal generator, coupled to 
said phase conq^arator and said feedback modulator, which receives said frequency control signal and in 
accordance therewith generates said carrier signal. 

26. A signal modulator as recited in Claim 25, wherein said signal generator con^rises a 
10 voltage-controlled oscillator (VCO) and said frequency control signal comprises a voltage signal. 

27. A signal modulation method cornprising the sie^s of: 
receiving a reference signal with an associated reference signal phase; 
receiving a feedback signal with an associated feedback signal phase; 
coiiq>aring said reference and feedbadc signal phases and in accordance therewith generating 

a frequency control signal; 

receiving a carrier signal genei:ated in accordance with said frequency control signal; 
receiving at least one modulation signal; 

modulating said received carrier signal with said at least one modulation signal to produce a 
modulated carder signal; and 

ou:q)utting said modulated carrier signal as said feedback signal. 

28. A signal modulation method as recited in Claim 27, wherein said stq> of corrq)aring said 
reference and feedback signal phases and in accordance therewith generating a frequency control signal 
con^rises detecting a phase difference between said reference and feedback signal phases and in 
accordance therewith ou^utting a phase difTerence signal corresponding to said phase difference. 

25 29. A signal modulation method as recited in Qaim 27, wherein said stq> of modulating said 

received carrier signal with said at least one modulation signal to produce a modulated carrier signal 
conq)rises quadrature modulating said received carrio* signal with a plurality of quadrature signals. 

30. A signal modulation method as recited in Claim 27, further conq>rising the step of fihering 
said frequency control signal. 

30 3 1 . A signal modulation method as recited in Claim 27, further con^rising the stq) of filtering 

said carrier signal prior to said modulation thereof 

32. A signal modulation method as recited in Claim 31, further comprising the step of frequenc>' 
converting said carrier signal prior to said frhoing thereof 

33. A signal modulation method as recited in Claim 32, wherein said step of frequency 

35 converting said carrier signal prior to said filtering thereof comprises mixing said carrier signal with a 
frequency conversion signal. 
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34. A signal modulation method as recited in Claim 27, further comprising the step of frequency 
conveitiiig said carrier signal prior to said modulation thereof. 

35. A signal modulation method as recited in Claim 34, wherein said step of frequency 
converting said cairier signal prior to said modulation thereof comprises mixing said carrier signal with a 

5 frequency conversion signal. 

36. A signal modulation method as recited in Claim 34, further con^rising the st^ of receiving 
said frequency control signal and in accordance therewith generating said carrier signal. 

37. A signal modulation method as recited in Claim 36, wherein said step of receiving said 
frequency control signal and in accordance therewith generating said carrier signal conq>rises receiving a 

10 voltage signal and in accordance therewith generating said carrier signal with a voltage-controlled 
oscillator (VCO). 


38. A signal modulation method as recited in Claim 27, further conq)rising the step of receiving 
said frequency control signal and in accordance therewith generating said carrier signal. 

39. A signal modulation method as recited in Claim 38, wherein said stq> of receiving said 

15 frequency control signal and in accordance therewith generating said carrier signal comprises receiving a 
voltage signal and in accordance therewith generating said carrier signal with a voltage-controUed 
oscillator (VCO). 


40. An integrated circuit which includes an internal signal modulator circuit comprising: 
phase con^>arator means for receiving a ref ^ence signal with an associated reference signal 

20 phase, receiving a feedback signal with an associated feedback signal phase, comparing said 

ref a:ence and feedback signal phases, and in accordance therewith generating a frequency control 
signal; and 

feedback modulator means, coupled to said phase coinparator means, for receiving a carrier 
signal generated in accordance with said frequency control signal, receiving at least one modulation 
25 signal, modulating said received carrier signal with said at least one modulation signal to produce a 

modulated carrier signal, and ou4)mting said modulated carrier signal as said feedback signal. 

41. An integrated circuit as recited in Claim 40, herein said phase conQ)arator means con^rises 
phase detector means for detecting a phase difference between said refermce and feedback signal phases, 
and in accordance therewith ou^utting a phase difference signal corresponding to said phase difference. 

30 42. An integrated circuit as recited in Claim 40, wherein said feedback modulator means 

comprises a quadrature signal modulator and said at least one modulation signal con^rises a phnrdity of 
quadrature signals. 

43. An integrated circuit as recited in Claim 40, further comprising frequency converter means 
for receiving and frequoicy converting said carrier signal prior to said reception and modulation thereof 
35 by said feedback modulator means. 
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44. An integrated circuit as recited in Claim 43, wherein said frequency converter means 
conqnises a mixer. 


45. An integrated circuit which includes an internal signal modulator circuit comprising: 


5 


a phase con^arator which receives a reference signal with an associated reference signal 
phase, receives a feedback signal with an associated feedback signal phase, con^)ares said referoice 
and feedback signal phases, and in accordance therewith generates a frequency control signal; and 


10 


a feedback modulator, coiq^led to said phase conq^arator, which receives a carrier signal 
generated in accordance with said fr^uency control signal, receives at least one modulation signal, 
modulates said received carrier signal with said at least one modulation signal to produce a 
modulated carrier signal, and outputs said modulated carrier signal as said feedback signal. 


46. An integrated circuit as recited in Claim 45, wherein said phase con^arator con:q)rises a 
phase detector which detects a phase difTerence between said reference and feedback signal phases, and in 
accordance therewith outputs a phase difference signal corresponding to said phase difTerence. 

47. An integrated circuit as recited in Claim 45, wherein said feedback modulator con^iises a 
15 quadrature signal modulator and said at least one modulation signal comprises a plurality of quadrature 

signals. 

48. An integrated circuit as recited in Claim 45, further comprising a frequency converter which 
receives and frequency converts said carrier signal prior to said recqition and modulation thereof by said 
feedback modulator. 

20 49. An integrated circuit as recited in Claim 48, wherein said frequency converter conq)rises a 


mixer. 
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